






















































































PRESENTATION 

I would like to describe the research underway at the University of 
Minnesota to examine the potential of using Minnesota's peatlands to 
grow biomass crops for energy. As we have heard earlier today, there 
are a number of possible ways to utilize peat, and it appears likely 
that physiographic conditions will dictate different development 
approaches. 

Biomass production, either on peatlands unsuitable for peat extraction 
or on mined peatlands, offers several attractive features. It's a 
renewable resource providing for a relatively stable economy in a given 
region. Biomass sources can be adapted to a wide range of sites, not 
only peatlands, but dryer mineral soils, wet mineral soils, or marginal 
crop lands. And in terms of end use, biomass is compatible with a 
number of other fiber sources, such as peat. 

When most people think about biomass, they think about the standard 
forms such as cord wood, crop residues, or wastes produced from wood 
product industries. I would like to describe a system for the intensive 
culture of plants, specifically for the production of biomass to be used 
for energy. 

Two categories of plants have been considered in Minnesota. They are 
woody biomass, and herbaceous wetland crops, such as cattails. These 
two categories have been studied because of their yields. They compare 
quite favorably to our most productive agricuHural crops in terms of 
total biomass per year, and compared with an unmanaged forest, their 
productivity is about an order of magnitude greater. With this in mind, 
we set out to study these two production systems. Most of my research 
has been involved with the cattail portion of this work, so this 
presentation will focus on this plant. 

Besides its productivity, cattails have a number of advantages which 
make them ideal candidates for biomass production. First among these is 
the fact that the plant is a perennial. It has an underground rhizome 
system which eliminates the yearly task of re-establishing a stand. 
Once established, the stand more or less goes on forever. It typically 
grows in large mono-cultures and is generally free from insect pests or 
weed competition because it is a very aggressive and invasive plant in 
the habitats in which it grows. 

Typha can be found on a wide range of sites throughout the upper midwest 
on both peat and mineral soils. The pH range of the soils varies from 
about 4 to about 8. Furthermore, these plants grow in water levels 
which range from zero to 4 feet during the growing season. On the 
average about 30 centimeters of water is found in natural stands. 

Three years ago we established three field sites to investigate various 
management options for the intensive culture of cattails. One of these 
sites is at Wilderness Valley Farms, the IRRRB research facility near 
Zim, Minnesota. The other two are located on a wild rice farm near 
Aitkin, Minnesota. The wild rice fa rm offers the advantage of two 
different soil types: a sandy loam and a sapric peat, which complements 
the hemic peat on Wilderness Valley Farm. 
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Based upon the results achieved thus far and on some subjective 
observations, we can cone 1 ude that typha grows equa 11 y we 11 on peat 
soils or mineral soils given the proper nutrient additions. 

I would next like to describe some of the methods employed in 
establishing the field sites and briefly describe a reclamation study 
which examines the potential of growing cattails to reclaim mined or 
harvested peatlands. 

Our field preparation follows fairly standard agricultural practices. 
The equipment, however, is not too common. It is a Saga Transporter, 
manufactured· in Denmark, which is fairly light in weight with high 
flotation tires. The Agricultural Engineering Department modified this 
unit to perform a number of different tasks, including simple draft 
force tests like pulling a disc. 

Once an area has been cultivated, the needed amount of fertilizer is 
added. Ditches and dikes are constructed for water level control and the 
area is planted. Our most common method of establishing stands is to 
use cattail seedlings which were started in a greenhouse. These 
seedlings are transplanted at a density of about 5 per square meter. 
Following transplanting, the field is flooded and maintained in this 
condition throughout the growing season. We have some. experiments 
underway to determine exactly how much water is necessary. Ideally, one 
would like to draw down the water levels in the middle of the summer to 
facilitate harvesting. 

About eight weeks after planting, the plant density has increased from 5 
to about 25 shoots per square meter, and a full canopy has emerged. The 
development of the extra shoots is largely the result of growth of the 
underground rhizome system which generates additional shoots. Once the 
stands are established, it becomes difficul.t to work them as you would 
in a conventional agricultural setting. These are perennial plants -­
you do not till them each year. 

In the reclamation study at Wilderness Valley Farms, we simulated two 
mining conditions and added a control condition. One site was excavated 
to a depth of 5 feet, which was about a foot and half above mineral 
soil. Another site was excavated 2 feet, and the control site was 
s imp 1 y rotova ted. We found that the 5-foot-deep area tended to fi 11 
with water and had to be pumped. The 2 foot deep area seemed to maintain 
a fairly constant water depth, and the rotovated area required 
irrigation. This is pretty much as we expected. 

Two different species of cattail and three other species of wetland 
plants (which at that time showed considerable promise as bio-energy 
crops) were planted in the 5-foot-deep area. There was a total lack of 
any type of competition from weeds. This site has stayed in this 
condition for the last three years. By contrast, the rotovated site had 
an extensive weed prob 1 em. These effects were due to a number of 
factors, including excavation of peat which removes the surface layer 
that contains the seed bank. Since there are no seeds to germinate the 
plot, it stayed weed free. Also, the flooded conditions which were 
easier to maintain in the excavated areas tend to suppress weed growth. 
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An exciting experiment of particular interest is the study of 
establishment from seed using the typha and gustafol ia sp.ecies of 
cattail . Productivity was very 1 ow in the first season, but by the end 
of the second season productivity was higher than at any previously 
managed stand. Productivity approached that of many of the natural 
stands where we first learned about the high productivity of typha. 
Establishing a stand from seed is a great advantage, as the 
transplanting process is time consuming and very expensive. One of our 
major goals was to develop a reliable seeding technique. 

An unexpected result of the experimentation has been to show an apparent 
variation between species of cattail. Natural stand studies showed that 
all the species had relatively high productivities and that the hybrid 
of the two species was especially high in terms of productivity. We are 
now finding in managed stands that one of the species, gustafolia, is 
very productive, gloucas is fairly productive, and latafolia, miserably 
productive. This seems to be true on all site conditions and on all 
soils, mineral or peat. 

The University of Minnesota has been working for a number of years to 
develop equipment for the harvest of cattail plants. One of the 
approaches was to modify a small potato harvester into an experimental 
machine capable of harvesting the below ground portion of the cattail 
plant. The below ground portion or a cattail can yield about half of 
the total biomass present in the plant. This experimental harvester has 
been quite successful. 

We plan to evaluate the effectiveness of the various harvesting options. 
For example, we do not know if it makes more sense to harvest both the 
above and below ground portion, or to harvest the above ground portion 
only, or to attempt multiple croppings of these plants in a given year. 
These options will be evaluated with help from the U.S. Department of 
Energy. 
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PRELIMINARY DRAFT 

WATER BALANCE LIKE STATISTICS AND PEAT HARVESTING 

JAMES A. ZANDLO, 
STATE CLIMATOLOGY OFFlCE, 
MINNESOTA DEPARTMENT OF NATURAL RESOURCES, 
DIVISION OF WATERS 

ABSTRACT 

Long term daily precipitation and temperature 
data are reduced to a set of statistics with water 
budget characteristics for 8 stations in northern 
Minnesota. The seasonal behaviour of these 
statistics may be used to delineate within year 
periods which on the average are suitable for 
outdoor drying operatidns as needed for peat 
harvesting operations. Further, spatial variations 
in the water budget statistics allow an assessment 
of the relative local ability to dry peat due to 
climatic forcings. 
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1. INTRODUCTION 

Although the harvesting or mining of peat is firmly 
established in some areas of northern Europe, the economics of 
such activity have not been demonstated for the peat producing 
regions of North America. Small harvesting operations have 
produced peat in Minnesota and in portions of Ontario adjacent to 
Minnesota's northern border. However, such activities do not 
necessarily demonstrate all the contingencies of all possible 
operations. At least one study attempting to show the suitability 
for harvest of Ontario peat relied extensively on the comparison 
of Ontario's climatic data with that of Finland, a large peat 
producer. Such a comparison is certainly helpful but could be 
enhanced by daily data from which specialized summary statistics 
are formed. Statistics might be defined based on a priori 
knowledge of various harvesting operations and may be multi­
variate. Such statistics may provide useful information on the 
harvestability of peat in given regions without the requirment of 
actual harvest data. 

2. DATA 

The depiction of the variability of peat drying conditions 
.across a region is limited by the spatial density of data within 
the region. In the United States only daily values of 
precipitation and temperature are observed by most National 
Weather Service Cooperative observers. Since only this 
observation network is spatially dense enough to provide multiple 
climatic assessment sites across the peat producing regions of 
Minnesota, its data was selected to provide inter-site 
comparisons of peat harvest conditions. 

Eight NWS Coop stations were chosen within or bordering the 
'Sphagnum Moss Peat Deposits Region' of Minnesota. The stations 
chosen have both temperature and precipitation records at least 
back to 1951, were continuous to 1979, and were relatively free 
of missing data. Those eight stations, Babbitt, Big Falls, 
Cloquet, Fosston, International Falls, Pine River Dam, Virginia, 
and Warroad and the Sphagnum Peat region of Minnesota are shown 
in figure 1. 

In order to insure that the final statistics would have 
little or no site-to-site variability induced by missing data, 
missing values were estimated using 'inverse distance squared' 
weighting and then displayed to a human in spatial form for final 
acceptance or rejection. Such override capability allowed the 
recognition of spatial patterns not readily accounted for in 
automated estimation techniques. Estimation of missing values was 
thought to be necessary since counts of longer dry periods would 
be small and a few missing data could strongly influence results. 
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3. HARVEST METHODS TO STATISTICAL METHODS 

Two major types of peat harvest were used to influence the 
choice of summary statistic form. Peat pellet production or 
mining involves the extrusion of peat from beneath the surface. 
The pellets are left on the surf ace for drying and because of the 
large water content to air space ratio requires nominally two· to 
four weeks drying time. Sphagnum moss production involves 
essentially a 'fluffing' of the peat surface to remove the 
influence of underlying, wet surfaces so that drying can proceed. 
Once prepared this form of peat has significantly more air space 
than the pellets and generally dries within a few days if weather 
conditions cooperate. Light wetting by precipitaion may lengthen 
this drying process while heavy wetting may require a re-roughing 
of the rain matted surface. 

Precipitation is a significant factor for any type of peat 
drying since drying of a material is a water balance problem. 
Because detailed wind, solar radiation, and other factors other 
than temperature are not available in spatial detail across the 
Minnesota peat production region they were rejected for use in 
proposed 'water balance' statistics. However, models for 
evaporation incorporating temperature and day length do exist and 
were chosen to complement the precipitation record. Specifically, 
a model for evapotransporation in agronomic crops· developed by 
Blaney-Criddle (4) was used in this study to transform 
temperature into a water balance like variable. The 
transformation is given below. 

PET=((0.0173*T)-0.314)*T*P*K 

where PET or ET is daily potential evaporation in inches, 
T is daily mean temperature in degrees Farenheit, 
P is daily fraction of total annual daylight hours, 

and K is the crop coefficient. 

(In this study K was set to 1 since there would be no 
phenological seasonal development as with agronomic 

dramatic 
crops.) 

A peat drying season will consist of the freeze free period 
during which drying is physically possible given water balance 
forcings in the prepared materials. Such a period could be 
defined by the condition that evaporation exceeds precipitation 
on the average. Thus, daily average values of precipitation minus 
Blaney-Criddle evaporation were formed to simulate the water 
balance forcing. Such a time series may be examined to find the 
spring date at which evaporation surpasses precipitation and 
remains in that state for an extended period. The crossover back 
to the precipitation is greater than evaporation state would then 
denote the end of the harvest season. This type of examination of 
the climatic time series should be of particular use for the 
extended drying period requirement for pellet production. 
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A second class of statistics involves a counting procedure. 
That is, the number of times that various lengths of dry periods 
followed a given day of the year can be counted for each day of 
the year for a number of definitions for dry. The 'dry' condition 
could thus be defined using evaporation even for days which 
actually had relatively minor amounts of precipitation. 

4. RESULTS 

Daily 29 year averages of precipitation and Blaney-Cridle 
evaporation were formed for each of the eight stations. Figures 2 
and 3 show the day-to-day averages of those parameters for 
Virginia, Minnesota. Note that the day to day variability of the 
evaporation (fig.3) over the entire year is quite small relative 
to the annual variation. This condition may be contrasted to the 
precipitation record (fig.2) which exhibits low variability only 
in the winter months while displaying a wide range in day-to-day 
values in the summer. The extreme variation in precipitation 
averages is the result of rather extreme daily 'events' ·of 
precipitation which have few counterparts in temperature. Thus as 
shown in figure 4, a plot of daily evaporation minus 
precipitation will exhibit variability which is seasonally 
similar to precipitation. However, the general seasonal trends 
are strongly influenced by both factors. 

In order to more clearly examine the general trends in 
drying potential due to precipitation and evaporation the curve 
in figures 2 and 3 were smoothed with a 21 term Gaussian (bell 
shaped) filter. Those curves are shown in figure 5. Note from 
those generalized curves that evaporation is less than 
precipitation for about 5 months centered on the winter period. 
Note also that during the spring and fall periods evaporation is 
approximately equal to precipitation. And finally, during the 
summer, a period of about two months exists during which 
evaporation appears to significantly and consistently exceed the 
precipitation. Such behavior might be more readily observed by a 
plot of the differences in the two curves which is shown in 
figure 6 (Gaussian 21 term smoothing) . Such a curve might be 
thought to display the seasonal variation in 'drying potential' 
at a station. That is, larger values should correspond to more 
efficient drying. 
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A. Season Definition 

The peat harvest season has been stated to start 
approximately two to four weeks following the average date of the 
last spring freeze (thus allowing drainage time) and to end at 
the last freeze (2). This definition can be compared to the time 
at which evaporation starts to exceed precipitation in the spring 
and to the time when precipitation again exceeds evaporation in 
late summer or fall. Figure 7 shows the relationship of these 
climatic parameters via plots of 15 day forward averages of ET-P 
and first and last freeze dates for each of the studied 8 
stations. (Forward averages assign the average values to the end 
point of the averaging period rather than to a midpoint date. 
They are used so that potential users of these statistics could 
regard them as a 'climatic outlook'.) Note that the four seasons 
are distinct in each plot. The winter periods are all unsuitable 
for drying with relatively constant negative values of ET-P. 
Conversely, summer periods show persistantly high values of ET-P 
which implies a large drying potential. The greatest spatial 
variability of drying potential appears to occur in the spring 
and fall periods. Those periods are characterized by values of 
ET-P which are near zero, may be gradually changing in value or 
may be approximately constant. 

Generally, as demonstrated in figure 8, a map of the number 
of non-overlapping 4 day periods of ET-P>=.10, the western part 
of the region is drier and warmer. Thus, maps of any moisture or 
temperature parameter generally exhibit east-west or northeast­
southeast gradients(5). It is interesting to note, however, that 
the northeast stations (Babbitt, Big Falls, Cloquet, 
International Falls, and Virginia) exhibit very similar 
conditions. 

Generally the average date of the last spring freeze plus 
two to four weeks as a 'start of harvest' statistic agrees well 
with the onset of the summertime condrtion of evaporation much 
exceeding precipitation. Again, the stations to the west .and 
south provide an interesting departure in that they appear to 
have proper drying conditions before the requisite drainage 
period. Conversely, the stations to the north and east appear to 
have the potential for trucated seasons due to excessive moisture 
conditions rather than the onset of freezing weather. 

B. Relative Count of 'Dry' Periods 

The eight time series were systematically examined for the 
occurences of 'dry' periods following each day of the year. A 
multitude of definitions for dry and various lengths of dry 
periods were counted. Specifically, periods of 1, 4, and 7 days 
and thresholds for dry of zero, .01, .05, .10 inches of 
precipitation only and precipitation minus evaporation were the 
categories counted. 
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Table l contains the results of counting non-overlapping 
periods of ET-P over the entire year. 

Table 1. 29 Year Average Annual Number of Non-Overlapping 4-Day 
Periods of ET-P is Greater Than the Indicated 
Threshold. 

ET-P 
threshold: 0 .05 .10 

station: 
Babbitt 49.2 20.2 11.4 
Big Falls 50.7 21.7 11.3 
Cloquet Forstr 48.3 21.6 11.2 
Fosston 59.3 25.4 15.9 
Int'l Falls 46.3 20.6 10.9 
Pine River Dam 55.6 24.3 14.1 
Virginia 47.3 21.4 11.1 
Warroad 56.9 22.9 12.7 

Though the total annual number of non-overlapping periods 
can provide information on a spatial basis it is not of much use 
for observing day-to-day variations in moisture balance for short 
period (4 day) peat harvesting operations. In order to examine 
this behavior the plots in figures 9 and 10 were produced. Figure 
9 shows the expected reduction in the frequency of occurence of 4 
day dry periods when the threshold for ET-P is increased from 
zero to .10 at Virginia. Of perhaps more interest though is that 
as the threshold is increased the peak migrates to late summer. 
This implies that the most efficient longer drying periods occur 
near the end of the favorable moisture balance season. 

Figure 10 shows the variation of counts of 4-day drying 
periods with thresholds of 0,.05, and .10 at Virginia. As the 
threshold becomes less demanding counts generally rise. The 
differences in counts are at a minimum during the summer since ET 
reaches a peak there and so ET-P most readily exceeds the 
threshold at that time. During the winter it is very uncommon for 
ET to exceed a few hundredths of an inch. In order to further 
illustrate the behaviour of the ET-P counting statistic, curves 
representing the count of occurences of 4-day periods of 
ET-P>=.10 and Precipitation<=.10 are given in figure 11. Since 
average summertime values of ET approach .20, it is not 
surprising that the two statistics approximate each other in 
midsummer. However, note that the count of dry periods based on 
precipitation only does not give information on harvest season 
boundaries but the ET-P curve does diminish outside of the 
generally accepted harvest period. 
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5. DISCUSSION-CONCLUSIONS 

Peat harvesting will be constrained by climatic factors 
which determine the length of the season and the number of 
harvest days available in a season. Such climatic (and other) 
constraints must be met in plans for equipment, manpower, and the 
schedualing of those resources in order to meet production goals. 
This paper has attempted to outline some aspects of those 
climatic factors in Minnesota. 

The harvest seasons implied by the daily plots of 
evaporation minus precipitation seem to match the rule of thumb 
that Minnesota's harvest season should be very similar to 
Scandinavia's 50 to 60 day season. 

The number of harvesting days seems to increase from Cloquet 
to the north and west as defined by counting statistics. This 
situation agrees well with the longer season enjoyed by Canadian 
harvesters. 

Statistics designed to model physical conditions have the 
potential to answer questions on peat production potential. 
However, actual peat production data must be combined with the 
statistics in order to fit the unknown parameters. The parameters 
of the statistics to be better determined are the proper 
thresholds for 'dry' days, the 'true' value(s) of K for ET 
determination, and representative time periods for dry period 
lengths and for averaging so that season definiton can be made an 
objective function. 

Finally, no correction to the average daily values for ET 
based on time-of-observation was applied to the data. It might be 
expected that average daily temperature has a bias as large as 
2.3 degrees Farenheit (6). Such a 'worst case' bias would 
translate to a 6 per cent error in ET values or slightly greater 
than .01 inch in absolute terms. However, during midsummer when 
ET is a maximum, maximum bias values are less than 2.0 degrees so 
that absolute errors due to time-of-observation bias in average 
daily values of ET are probably less than .01 inch. 
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PEAT DEVEI.DPMENI' PROORAM EXPmDITURES - JULY 1983 'lERCO:.>H D&:EMBER 1984 

P.ro..JE::r PREPARE CXNVERr ID PRIVATE WEA'IHER FUEL MEO{ PEAT E.VALUATE Cll1Bl.JST FUEL WEI' rnEMICAL J.J:M/MED FEED 'IDlAL 
BmXiE1' BUI:GEI' SUPEQRI' STATELAND FACILITIES PFA'IIANI:S ANALYSIS N:XJJISIT J:EWATER JJENSIFIC DENS PINI' TESTm:; amRACTER CARB EXTRACT GAS IF IC ADDITIVE LIQUIIY\TED 

FY84 FY85 
PID.:JE:T AI:Ll:X:NrICN 276134.00 250D00.00 111550.00 .oo .DO 88000.00 190000.DO 33900.00 75000.DO 200000.DO 36200.DO 90000.00 85000.00 50000.00 46000.00 1531784.00 

OBJEX:T CDDES: 
PERSCNNEr. SERVICES 

01-REG CTASSIFIED .oo .DO 19661.00 19661.00 
02-RE>3 UN::LllSS 51000.00 51000.00 24485.00 24485.DO 
03-PARI' TIME 20000.DO 20000.DO .oo .oo 

1-2 EXP/CXNJ.'BACT SVC 
10-RENI'S/IEASES .DO .DO 428.DO 500.DO 928.00 
11--ADVERl'ISn:G 2500.00 2500.00 65.70 65.70 
12-REPAIRS/MAINr 500.00 500.00 .oo 
14-~ 4500.00 4500.00 757.01 757.0l 
16-PRJF /TfX:R. SVCS 650400.00 682184.00 .oo 

BAU\N:E FORWARD/GIFI'S 10000.00 310586.84 
AVAIL PRJF/TfX:R.·SVC:S 660400.00 992770.84 

CDU: roR PIDD 7150.00 .oo 5212.50 5212.50 
LEROI BIDS 7500.00 7500.00 8282.30 8282.30 
BEMIDJI STATE 42500.00 42500.00 75000.00 75000.00 
J\MER BIO ENERGY 64710.16 .00 -68154.36 68154.36 
MINN RM:R( l) 25000.00 .00 2250.00 2250.00 
Mim RM:R( 2) 40000.00 .oo .00 
MINN ID'IER( 3) .oo 200000.00 .oo 
ERIE MININ3 14700.00 .oo 1274.90 1274.90 
HANNA MINING 20264.00 .oo 20264.00 20264.00 
IDRM CORNISH 18000.00 .DO 2852.78 2852.78 
PFAT CXNSULT 15400.00 .OD 8332.5D 8332.5D 
FENOJ 44000.00 71000.00 68955.12 68955.12 
L. KATZ 'l'ROCKill3 10000.00 80000.00 30095.75 3D095. 75 
ID'IER PRX:ESS IN::. .oo 807D.OO 800.0D 800.0D 
VIRGINIA urn, .oo 27000.00 2547.62 2547.62 
filBBill> urn, .00 4000.0D .OD 
FIBER FUELS INSTIT. .OD 5000.00 3634.00 3634.00 
mANDIN PAPER CO. .oo 26000.0D .OD 
OOisE CASCAlE CO. .00 15000.00 .00 
IAKE OF 'IHE ~DS .oo 15000.0D .OD 
tNIV CF MINN .oo 46000.00 2106.75 2106.75 
N::>. BIO FUELS 20589.0D .DO 15407.22 15407.22 
INI'ERAGENCT'( SERVICES) 20000.00 .oo 20000.0D 20000.00 
INI'ER.AGEN:Y(RIPLEY) .oo 45000.0D .oo 
INI'ERAGEN::Y( IRRRB) .oo 250000.00 .oo 
US-IXJE .OD 190000.00 .OD 
~ EC(Jil?MENI' .OD 25000.00 .OD 

ADD: CCNl'RllCr CIL\SEXXJI' N/A 24152.22 
BAI.AN::E PROF /TEX;H SVCS 310580.84 {40146.94) 
17-mTA~ 4500.00 4500.0D 366.19 366.1.9 
18-l'ORC8ASED SVC .oo .oo ll?l.00 23196.44 24369.44 
2D-0:MruNICATICNS 3500.00 3500.00 1342.13 1342.13 
21-TRAVEL INSTATE 5500.00 5500.0D 7120.87 143.35 149.94 178.88 52.0D 529.32 8174.36 
22-'I'RA VEL CX1I'STATE 4600.0D 4600.0D 8344.10 7.0D 1431.5D 622.39 10404.99 
2~FEEs .oo 

3-SUPPLIES /MA.TERIAIS 
30-SUPPLIES /P'Af(l'S /Mlcr 1500.00 150D.OD 937.43 240.47 2165.00 266.5D 3609.40 

4-m.JIPMENr 
40-ECUIPMEN:r 1500.0D 1500.00 1220.0D 1220.00 

TOTAL LiaJIDhTED 750000.00 781784.00 65900.43 .oo 143.35 .DO . 00 10D824. 27 .00 88774.D8 685.88 65457.37 27337 .9D 266.5D 75674.39 3382.10 2106.75 43D553.02 
REMAINING BAI.AN::E N/A llDl230.98 210233.57 250000.0D 111406.65 .DO .OD {12824.27) 190000.0D (54874.D8) 74314.12 134542.63 8862.10 89733.5D 9325.61 46617.90 43893.25 11Dl230.98 

* CCNl'RACI' BAIAN:::ES ····································································································· ........................................................................................... 1D71713.36 
PRCGRAM BAI.AN:ES ····································································································· .......................................................................................... 29517.62 

* FOR 'IHE PURPOSES OF nrrs REPORl', "CCNI'RACI' BAIAN:ES" MEANS 'l'HE 'IDI'AL AM8(JNI' OF AIL CXNl'RACJ.'S AWARIED UNDER '!HIS 
APPIDPRIATICN, LESS 'l'HE 'IOTAL 1HXJNr EXPENDED FOR 'IHESE CONl'RACl'S 'ID mTE. 




